Aim-To study cerebrospinal fluid (CSF) concentrations of plasminogen activator inhibitor type-1 (PAI-1) in patients with neurological disease.
Plasminogen activator inhibitor-1 (PAI-1), a 50 kDa serpin protease inhibitor, is a major inhibitor of tissue-type (tPA) and urokinasetype (uPA) plasminogen activators.' PAI-1 regulates fibrinolysis and tumour invasion. Plasminogen activators have been associated with a number of biological processes including fibrinolysis and thrombolysis, cell migration, tissue invasion by both normal and malignant cells, and tissue remodelling. 4 5 The reaction of PAI-1 with its substrate leads to its inactivation and the formation of an equimolar complex.6 Endothelial cells,7 8 among other cell types, and neural tumours, such as the glioblastomas,9"-synthesise and secrete PAI-1, the synthesis of which is regulated by cytokines which are active in the brain in various diseases.'2-'" Assays of PAI-I are clinically useful as an increased plasma concentration" ' is an important cause of impaired fibrinolytic function, and is associated with thrombotic diseases. '8-20 Raised plasma concentrations of PAI-1 have been reported in infections2' and during pregnancy,22 whereas raised cerebrospinal fluid (CSF) concentrations have been reported in some neurological diseases.23 The roles of plasminogen activators and plasminogen activator inhibitors (PAI-1 and PAI-2) in the pathogenesis of neurological disease and tumour development have been suggested. [23] [24] [25] [26] In a previous study, we reported a spectacular increase in tPA activity in some neurological diseases, especially in multiple sclerosis. 27 Here, we report the PAI-1 concentrations in patients with multiple sclerosis, encephalitis, viral meningitis, and leukaemia in comparison with reference subjects without neurological disease.
Methods
The procedures followed were in accord with the Helsinki Declaration (revised 1983) for human experimentation. The study population comprised 51 patients undergoing spinal taps for clinical reasons, from whom about 1 ml CSF was drawn into plain bijou bottles. Only samples which were clear and free of blood cells were studied. Blood (2.5-3 ml) was collected by venepuncture from eight of the patients into tubes containing EDTA. All samples were collected between 1200 and 1400 hours. Blood samples were centrifuged at 500 x g for 10 minutes and the plasma stored frozen at -20°C pending analysis. The patients' age ranged from newborn to 77 years. Subjects without neurological disease (n = 20) were included as controls. The patient group comprised three patients with viral meningitis, 20 with encephalitis, 19 with multiple sclerosis, seven with acute lymphoblastic leukaemia (ALL) and two with acute myeloid leukaemia (AML) with central nervous system (CNS) Akenami, Koskiniemi, Farkkila, Vaheri involvement. CSF tPA and uPA activities in these patients and controls have been reported previously.2" CSF ASSAY Samples were thawed and assayed for PAI-1 using an enzyme linked immunosorbent assay (ELISA) as recommended by the manufacturer (Monozyme, H0rsholm, Denmark). The assay detected both free (active) and complexed (inactive) PAI-1. Concentrations of PAI-1 were measured by comparing the absorbance for each well with a series of absorbance values obtained from known plasma concentrations of PAI-1, plotted as a standard curve. The standard plasma, provided by the manufacturer, at a concentration of 8 ng/ml was diluted with the appropriate buffer to cover the range 800 pg/ml to 25 pg/ml. Each assay was run in duplicate and the average of the two measurements was taken as the final result. Whenever available, both CSF and plasma samples were studied. Plasma samples were assayed in the same way as CSF samples.
STATISTICAL ANALYSIS
Results are reported as mean (SEM). The non-parametric Mann-Whitney U-test was used for the comparison of means. Correlation coefficients were evaluated according to Pearson. Results were considered significant when p < 0.05.
Results
The assay detected both free PAI-I and PAI-1-protein complexes-that is, total PAI-1. Significantly higher mean PAI-1 concentrations were detected in patients with leukaemia (p = 0.022), encephalitis (p = 0.002) and multiple sclerosis (p = 0.048). The highest mean (SEM) PAI-1 concentration was found in patients with leukaemia (1.28 (0.36) ng/ml), and the next highest in those with encephalitis (1.19 (0.20) ng/ml). PAI-1 concentrations in patients with meningitis were not significantly different from those in the controls (table 1;  figs 1 and 2) . PAI-I concentrations were higher in patients with leukaemia (specifically ALL) and encephalitis, than in those with viral meningitis. There was no association between CSF PAI-1 concentrations and age or uPA activities in either patients or controls. The patients with high PAI-1 concentrations in this study also had high uPA activities in a previous study2" and in the same order-leukaemia > encephalitis > multiple sclerosis. We observed a significant negative association between CSF and plasma (n = 8) PAI-1 concentrations in patients with multiple sclerosis (p < 0.05; r = -0.60) (fig 3) . There was a non-significant negative association between total CSF PAI-i concentrations and tPA activity both in patients and controls (for multiple sclerosis p = 0.36; r = -0.22). ALL, encephalitis and multiple sclerosis. In multiple sclerosis, the myelin sheaths surrounding nerves in the brain and spinal cord are damaged, affecting the function of the nerves involved. The disease affects different parts of the brain and spinal cord, resulting in scattered symptoms. In a previous study,27 we reported raised CSF tPA activities in patients with multiple sclerosis, leukaemia and encephalitis, with mean activities in decreasing order. PAI-1 concentrations in the same patients were the reverse oftheir corresponding tPA activities, being higher in those with leukaemia and encephalitis, than in the patients with multiple sclerosis. A significant negative association between tPA and PAI-1 activities has been reported before.28 However, the negative association observed in this study was not significant, probably because we measured total PAI-I (both active and inactive).28 This suggests that it is active PAI-1 which is important in regulating tPA activity in both the plasma and CSF. Although high CSF PAI-1 concentrations did not correlate significantly with uPA activities, it is interesting to note that patients with high PAI-1 concentrations in this study also had high uPA activities in a previous study27 and in the same order-leukaemia > encephalitis > multiple sclerosis. uPA activity is also known to correlate with PAI-1 expression in malignancy, wound healing and inflammation.
In contrast, there was no difference in the mean concentrations of PAI-1 in patients with viral meningitis compared with controls. The highest PAI-I concentrations were found in patients with leukaemia, and the next highest in those with encephalitis. Mean PAI-1 concentrations in patients with ALL (with CNS involvement) and encephalitis were significantly higher than in those with meningitis.
CSF PAI-1 may be derived from either the plasma or the brain, or both. Various active and passive mechanisms transport substances across the blood-brain barrier. The concentration of PAI-I in plasma is at least 20-fold higher than that in the CSF. 29 In the event of damage to the blood-brain barrier, as is the case in encephalitis, substances to which the barrier was impermeable to previously can now cross."0 This probably explains the raised PAI-1 concentrations encountered in patients with encephalitis and the normal concentrations observed in those viral meningitis, despite the fact that both are inflammatory diseases. We observed a significant negative association between CSF and plasma PAI-1 concentrations in patients with multiple sclerosis (p < 0.05; r = -0.60). This suggests that, at least in multiple sclerosis, PAI-1 'may not cross the barrier by passive transport alone. Plasma samples were not available for the other patient groups or the controls.
It has been suggested that, at least in normal subjects, PAI-1 is secreted by the choroid plexus together with minute levels synthesised by the CNS and secreted into the CSF." The increase in PAI-I concentrations in neurological infections may also be because PAI-1 is part of the acute phase response,'4 and in plasma, the presence of bacterial wall lipopolysaccharide induces PAI-1 activity."2 Neoplastic astrocytes have also been reported to secrete PMI-1.9 11 The highest mean PAI-1 concentration was recorded in patients with ALL. These raised PAI-1 concentrations may be a reflection of the level of CNS involvement. In a study of cell homogenates, however, significantly higher levels of PAI-1 antigen were detected in patients with AML than in those with ALL."
In conclusion, CSF PAI-1 concentrations are raised in various neurological conditions and therefore cannot be used as a diagnostic parameter, although they may be a useful marker for monitoring prognosis.
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